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RESEARCH MEMORANDUM

EFFECTS OF LEADING-EDGE CHORD EXTENSIONS AND AN ALL-
MOVABLE HORIZONTAL TAIL ON THE AERODYNAMIC CHARAC-
TERISTICS OF A WING-BODY COMBINATION EMPILOYING
A TRIANGULAR WING OF ASPECT RATIO 3
MOUNTED IN A HIGH POSITION AT SUB-

SONIC AND SUPERSONIC SPEEDS

By Benton E. Wetzel and Frank A. Pfyl
SUMMARY

The results of an experimental Investigation of the effect of
leading-edge chord extenslons on the aerodynamic characteristics of =
wing-body-tail cowmbination employing a 3-percent-thick triangular wing
of aspect ratic 3 in conjunction with an umnswept, all-movable, horizontal
tail located below the wing-chord plane are presented. Lift, drag,
pitching moment, and hinge moment were measured at Mach numbers varying
from 0.6 to 0.9 and from 1.2 to 1.9, at & Reynolds number of 3.8 million.
The angle of attack was varied from -4° to +17° at constant horizontal-
tall deflections varying from +4° to -24°. Data are also presented for
the model without the horizontal tail.

The wing-body-tail combination was tested with 13.35-percent-chord,
leading-edge chord extensions on the outer 50 percent of the wing semi-
span in an effort to improve the undesirable static longitudinal stability
characteristics of the triangular wing at moderate-to-high 1ift coeffi-
cients at subsonic speeds. To lmprove, also, the subsonlic 1lift and drag
characteristics, the chord extensions were drooped 3°.

Comparisons of the results obtained for the wing-body-tail coubi-
nation having chord extensions with those for the combination wilithout
chord extensions showed that the extensions improved the 1ift, drag,
and pitching-moment characterigtics at moderate-to-high 1ift coefficients
at subsonic speeds and had smell effect on those characteristics at
gupersgonic speeds. Static longitudinal instability, which occurred in
a range of moderate 1ift coefficients at Mach numbers of 0.6 and 0.8 for
the model without chord extensions, was either elimineted (M = 0.8) or
delayed to higher 1ift coefficients (M = 0.6). Improved variations of
1ift with angle of attack at the aforementioned Mach nunmberes and
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increased maximum lift-drag ratlos st Mach numbers from 0.6 to 1.3 were
realjzed from the addition of chord extensions. Essentially no changes
in the hinge-moment characteristics were brought about at either subsonic
or supersonic speeds by the addition of chord extensions.

INTRODUCTION

As part of a program devoted to the investigation of compornents of
interceptor-type supersonic alrcraft, a wing-body-tail combination
employlng a 3-percent-thick trianguler wing of ssgpect ratioc 3 and an
all-movable horizontal tail was tested in the Ames 6- by 6-foot
supersonic wind tunnel. The wing was mounted high on the body, and the
tall was below the wing-chord plane. Previous tests of the wing-body
combination (ref. 1) showed losses in stability at moderate-to-high 1ift
coefficients at subsonic speeds. Tests of models similar to the present
one (ref. 2) have indicated that such variations in stebility might be
avoided or minimized by locating the horizontal tail in certain positions
below the extended chord plene of the wing; however, when the tail was
added to the present model, the instability still persisted, and the
bresence of the taill had little influence upon stability variations.
Therefore, the possibility of improving the stability by modifyling the
wing so as to reduce the center-of-pressure movement was investigated.

This center-of-pressure movement has been shown by previous tests
of thin triangular wings to result from flow separation at the wing tips.
Thie flow separation is believed to be accompanied by separation vortices
(ref. 3) generated on the upper surface bf the wing, which could have
an adverse effect on the stability. Research on sweptback wings (e.g.,
ref. 4) has shown that improvement of the characteristics of such wings
can be obtained through the use of leading-edge chord extensions, which
serve either to eliminate or to reduce separation or vortex-type flow
over the tip sectioms. An effort was made to improve the longitudinal
stability charscteristics of the present model through the addition of
such devices. The chord extensions were drooped a emall smount in order
to obtain improved subsonic drag characteristics, such as were reported
in reference L. '

The present paper 1s devoted primarily to the comparison of the 1lift,
drag, and pilitching-moment characteristics of the wing~-body=-tail combi-
nation with and without the leading-edge chord extensions and to the
presentation of the control-surface characteristics of the combination
with chord extensions.
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SYMBOLS

wing span, in.
drag coefficient, 9Xe&
as
hinge-moment coefficient, Linge mament ' neggyured sbout an axis

S84
at 30 percent of the chord of the horizontal tail

1ift coefficient, 11_;1;
as

pitching-moment coefficient, Rltching moment  referred to &
asc

horizontal axils through the point on the body axis corre-

sponding to 35-percent mean aerodynamic chord of the wing

local wing chord of the wing without chord extensions, in.

local chord of the horizontal tail, in.
b/2
15 /2 c2ay

J2/% e ay

"y in-

mean aerodynamic chord of the wing,

mean aerodynemic chord of horizontal tail, in.

maximum lift-drag ratio

free-gtream Mach number

free-stream dynamic pressure, 1b/sq_ in.

Reynolds number based on the mean aerodynemic chord of the wing

wing ares, formed by extending the leading and treiling edges
to the plane of symmetry, sq in.
(The additional area provided by the lesding-edge chord
exteneions has not been included.)

area of horizontal tail, formed by extending the leading and
trailing edges to the plane of symmetry, sq in.

- ...
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¥ gspanwise distance from plane of symmetry, in. ' <
a angle of attack of body axis, deg -
3 angle of horizontal-tall deflection, positive for trailing edge

down, deg
Bp nominal (no load) horizontal-tail deflection, deg

APPARATUS AND MODEL

The experimental investigation was conducted in the Ames 6= by
6-foot supersonic wind tunnel, which is a closed-section, veriable-
pressure-type tunnel with a Mach number range from 0.6 to 0.9 and from 1.2
to 1.9. A complete description of this faciliiy has been published in .
reference 5. In this wind tunnel, models are sting-mounted, and over=-all
forces are measured with an internal electrical straln-gage balance.
The model was elso equipped with an electrical strain gage which measured «
the hinge moments on the horizontel tail.

The model consisted of a triangular wing, an all-movable horizontel
tall, two verticel fins, and a body. The wing was mounted in a high
position on the body, bad an aspect ratio of 3, and was composed of NACA
0003-63 airfoil sectlons in streamwise planes. During a portion of the
investigation, the wing was eguipped with 13.35~percent-chord, leading-
edge chord extensilons over the outer S50~percent semispan of the wing,
as shown in figure 1. The extensions haed the same ordinates as the
corresponding wing airfoil sections, with smooth falrings providing the
transitions between the extensions and the wing. The chord extensions
were drooped 3° with respect to the chord line.

The horizontal taeill, which was mounted in a midposition on the body,
was pivoted at the 30-percent-chord polnt and had a taper ratioc of 0.4
and an aspect ratio of 5. The airfoil section in a streamwise plane was
biconvex, with a meximum thickness=-chord ratio of 3 percent at 30-percent
chord. The tail was supported at the tips by the two veriical fins
rigidly sttached to the wing at the 50-pércent-semlspan station. These
Pins were of aspect ratio 2.08 and had a 3-percent-thick biconvex section
in a streamwise plane. The wing and tall surfaces were of solld steel
construction. SRR o : - - :

The body was the same as that described in reference 1 for use in
conjunction with the wings positioned off the body axis. It had & -
fineness ratio of 9.86. A photograph of the complete model is shown in
fTigure 2.
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TEST AND PROCEDURE

Range of Test Varisbles

Lift, drag, pitching-moment, and hinge-moment characteristics of
the model were investigated for a range of Mach numbers varying from
0.6 to 0.9 and from 1.2 to 1.9 &t nominal angles of attack varying from
=40 {0 g maximum of +17°. The model with horizontal tail installed was
tested at horizontal-tail deflections varying from +4° to -24°, generally
in 4° increments. The date were obtained at a Reynolds number of 3.8
million, based on the wing mean serodynemic chord.

Reduction of Data

The test data have been reduced to standard NACA coefficient form.
The pitching moments were calculated about & horizontel exis through the
point on the body axis corresponding to 35 percent of the mean aerodyndmic
chord. TFactors which affect the accuracy of these dates are discussed in
the following paragraphs.

Tunnél-wall interference.- Correctlons to the subsonic results for
the induced effects of the wind~tumnel wells resulting from 1ift on the
model were made according to the methods of reference 6. The numerical
values of these corrections, which were added to the uncorrected data,
are:

Aa

0.5517 Cg,
ACp = 0.0096 CZ
The correction te the pitching-moment coefficient was negliglble.

Constriction of the flow at subeonic speeds was taken into account
in the manner outlined in reference 7. At & Mach number of 0.9, the
correction amounted to a 2-percent increase in the Mach number over that
determined from a calibration of the wind tunnel without a model in
place.

For the tests at supersonic speeds, the reflection from the tunnel
wall of the Mach wave originating at the nose of the body crossed the
horizontal tail only at a Mach number of 1l.2. It is believed that the
resulting interference effects were smell, and no corrections were made
for tunnel-wall effects.

Stream variations.- Tests at subsonic speeds in the 6- by 6-foot
supersonlc wind tummel have indicated a small stream curvature and an

AP,
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inclination in the pitch plane of the model. No correction for this
stream curvature has been made. A survey of the ailrstream at supersonic
speeds, reported in reference 5, has shown, curvature and inclination
only in the yaw plane of the model. The effects of this curvature on
the measured aerodynamic characteristics of the model are not known but
are believed to be small, as they were Bhown to be in the case of
reference 8.

Surveys at both subsonic and supersonic speeds indicated that there
1s a static-pressure variation of sufficilent magnitude in the wind-tunnel
teat section to affect the drag measurements. Corrections were added to
the measured drag coefficients, therefore, to account for the longitudinal
force resulting from the static-pressure varistion. The meximum cor-
rections were +0.0007 at a Mach number of 0.9 and =-0.0008 at a Mach
number of 1.3.

Support interference.- At subsonic speeda, the effects of support
interference orn the aercdynamic charscteristics of the model are not
known. It is believed that such effects conslat primsrily of a change
in the pressure at the base of the model. In an effort to correct at
least partially for this support interference, the base pressure was
reasured and the drag data adjusted to correspond to a base pressure
equal to the static pressure of the free stream.

At supersonic speeds, the interference of the sting on & body of a
body-sting combination similer to that of the present model is shown by
reference 9 to be confined to a change irn base pressure. The above-
mentioned adjustment of the drag for pressure at the base of the model,
therefore, was applied also to the data obtained at supersonic speeds.

Precision

The uncertainties involved in determining dynamic pressure and in
measuring forces with the sirain-gage balance asre described fully in
reference 10. The following table lists the maximum uncertainty
Introduced into each corrected coefficient by the kmown uncertainties
in the measurements:

Quantity _ Uncertainty
Lift coefficient ' +£0.002
Drag coefficient : +0.0010
Pitching-moment coefficient ' +0.002
Hinge-moment coefficient S T R0.005
Mach number : LT +0.01
Reynolds number ' +£0.03 x 10°
Angle of sttack : £0.10°
Horizontal-tail deflection : - £0.,25°
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RESULTS

The experimental results obtained during the investigation are
presented In tables I and II for the complete range of test variables.
The results for the wing-body and the wing-body-tail combinations with=-
out leading-edge chord extenslons are presented in teble I, those for
the combinations with chord extensions in table II. For the purpose of
analysis, a portion’'of these data is presented in graphical form.

The effect of the chord extensions on the variation of pitching-
moment coefficient with 1ift coefficient for the model with the
horizontel teil removed (but with the vertical fins sttached to the
wing) is shown in figure 3 for several subsonic and supersonic Mach
numbers. The effect of the chord extensions on the pitching-moment,
lift, and drag characteristics of the wing-body-tail combination for a
nominal horizontal-teil deflection of zerc is shown in figure 4 for the
same Mach numbers.

In order to permit a more detailed evaluation of the effect of the
chord extensions on the drag characteristics, the variation with Mach
number of the drag coefficient at various 1lift coefficients and the
variation with Mach number of the maximum 1ift-drag ratio are presented
in figures 5 and 6, respectively.

The variation of the pitching-moment coefficilent with horizontal-
tall deflection is shown in figure 7. The variations of hinge-moment
coefficient with horizontal-tail deflection and with angle of attack are
presented in figures 8 and 9 for the model with chord extensioms. A
study of the data for the combinations with and without chord extensions
showed essentially no difference in the control-effectiveness and hinge-
moment characteristics as a result of adding the chord éxtensions.
Therefore, only the results for the wing-body~-tail combination with
chord extensions are presented graphically. The data presented in
these figures have been limited to Mach numbers of 0.6, 0.9, 1.3, and 1.9,
since these were considered sufficient to show the varistions through
the Mach number range. Horizontal-tail deflections noted in Ffigure 8
are nominal settings of the tail surfaces. The actual deflection angles,
which changed slightly under aerodynamic load, can be obtained from
teble IT. ‘ ' '

DISCUSSION

In the section to follow, two features of the data will be
discussed. First, the effects of the chord extensions on the basic
serodynamic characteristics of the wing~body and the wing-body-tail

\
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combinations will be conaidered. A brief discussion of the control-
surface characteristics will follow.

Basic Characteristice : -

Pitching moment.- As was noted previously, some loss in stability
wag shown to exist for the wing~body combination at moderate-to-high
11ft coefficients at subsonic speeds during a previous investigatlon
(ref. 1). With the center of gravity at 35-percent mean aerodynamic
chord, the loss in stability was of such megnitude &s to result in an
unstsble variation of pitching-moment coefficient at Mach numbers of 0.6
and 0.8 for the model with the horizontal tail removed. (See fig. 3.)
With the horizontal tail added to the wing-body combination (fig. 4(a)),
the unstable variation at these subsonic speeds still existed. That the
longitudinal instability of the wing-body combination was due largely -
to the instability of the wing-body combination cen be determined from
a comparison of figures 3 and L4(a). As indicated in figure 3, addition
of the chord extensions improved the piltching-moment characteristics of -
the wing-body combination, the inatability being either eliminated _
(M = 0.8) or delayed to a higher 1ift coefficient (M = 0.6). A similer
improvement occurred for the wing-body-tail combination (fig. 4(a)).
It should be noted that sddition of the chord extenslons had little
effect on the tail contribution to the stability. At supersonic speeds,
the chord extensions had only small effect on the pitching-moment
characteristilcs. )

Iift.- The results for the wing~-body=-tail combination without chord
extensions (fig. 4(b}) showed a range of angle of attack near 8° at
Mach numbers of C.6 and 0.8 in which the lift-curve slope was considerably
less than at other angles of attack. This decrease in lift-curve slope
appeared initially at about the same 1ift coefficlent as the onset of
pitching-moment instability. With chord extensions installed, the 1lift
was maintained up to angles of attack of the order of 16°. The improve-
ment in the 1lift characteristics is believed to be due primarily to
the ability of the chord extensions to improve the flow over the wing
tips. At supersonic speeds, the chord extensions had little effect on
the 1ift characteristics. The slight increase in lift-curve slope shown
in figure 4(b) may have been due to the increased area provided by the
chord extensions.

Drag.- The drag results, presented in filgures k(c) and 5, indicate
that the addition of the chord extensions lncreased slightly the minimum
drag coefficient throughout the speed range investigated, although this
increase was of the same order of magnitude as the maximum uncertainty
of measurement. On the other hand, at 1ift coefficlents greater than
0.2, the chord extensions reduced significantly the drag coefficients at .
subsonic speeds and st a Mach number of 1.3. The reduction in drag at

p- "
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these 1ift coefficients is believed to be due, primerily, to the small
amount of camber which resulted from the drooping of the chord extensions.
Drooping the leading edge tends to maintain high 1ifting pressures on
that portion of the wing and to provide a component of force in the
thrust direction. At Masch numbers greater than 1.5, the beneficial
effect of the chord extensions on the drag no longer existed. At the
higher 1ift coefficients, the apparent benefit of the chord extensions
shown at these Msch numbers can be attributed to the increased aresa
provided by the chord extensiouns.

The effect of the chord extensions on the maximum lift-drag ratio
is ghown in figure 6. At a Mach number of 0.6 a large increase in
(L/D)payx wes realized, the improvement decreasing with increasing Mech

number. In the supersonic.speed range &t Mach numbers of 1.5 and above,
decreased lift-drag ratios were incurred with the chord extensions
installed.

Control-Surface Characteristics

The following section is devoted to a discussion of the control-
surface characteristics of the tail when used in conjunction with the
wing~body combination with chord extensions. As pointed out In Results,
a study of the data for the models with and without chord extenslons
showed essentially no difference in the control-effectiveness and
hinge-moment cheracteristics. Thus, statements made in the following
discussion also apply to the charscteristics of the tail when used with
the wing-body combination without chord extensions.

Control effectiveness.- Increasing control effectiveness with
increasing Mach number was indicated for the subsonic speed range, as
ghown in figure 7. The variation of pitching-moment coefficient with
horizontal-tail deflection was linear throughout only a moderate range
of deflection angles in this speed range. However, for an airplane with
ite center of gravity at 35 percent of the mean serodynemic chord, this
moderate range is sufficient to provide static longitudinal balance
throughout the range of 1ift coefficients investigated. A large decrease
in the effectiveness of the horizontal taill occurred as the Mach number
was increased from subsonic to supersonic speed. At supersonic speeds,
the variation of pitching moment with angle of deflection was linear up
to fairly lerge negative angles, the control effectiveness decreasing
with increasing Mach number.

Hinge-moment coefficient.- As noted above, static longitudinal
baelance could be obtained at subsonic speeds with small deflection of
the control surfaces. As shown in figures 8 and 9, the variations of
hinge-moment coefficilent with angle of attack and with tail deflection
were small throughout the range of deflection angles required for balance.

« COMMBEMDIILS




10 AUBBENTT NACA RM A53J1lhse

As a result, the control forces required to defleect the horizontal-tail
surfaces at subsonic speeds would be expected to be small. If, however,
the center-of-gravity position were moved forward so that larger
deflectlion angles were necessary for balsnce, larger variation of the
hinge-moment coefficient with deflection angle would be encountered and
larger control forces would be required.

At supersonic speeds, the magnitude of the variations of hinge-
monment coefficient with angle of attack and with tell deflection
increased greatly. As a result, lsrge control forces would be expected
to be required in this speed range. For example, i1f one considered the
present wing-body-tall combination to be a l/lE-scale model of an air-
plane with & wing loading of 45 pounds per square foot, the control
moment at a Mach number of 1.5 would be of the order of 30 times theat
at a Mach number of 0.6 for level flight at en altitude of 30,000 feet.

CONCLUSIONS

Experimentel wind-tunnel results for & wing-body-talil combinstion
employing & 3-percent=-thick triangular wing of aspect ratio 3 in
conjunction with an unawept, all-movable horizontal tail show that the
aerodynemic characteristics were Iimproved &t moderate-to-high 1ift
coefficients at subsonic speeds and only slightly changed at supersonic
speeds, due to the addition of leading-edge chord extensione to the
wing. The results of the wind-tunnel investigation are given below.

Pitchingﬁmoment.- High-lift instability which occurred at subsonic
speeds at Mach numbers of 0.6 and 0.8 was either eliminated (M = 0.8) or
delayed to higher 1ift coefficients (M = 0.6) ‘through the addition of
chord extensions. Only & small effect at supersonic Mach numbers
resulted from the addition of chord extenslons.

Lift.~ The addition of chord extensions eliminated undesireble 11ift
characteristics at subsonic speeds and had little effect on the lift at
supersonic speeds. Whereas the varistion of 1ift coefficient with angle
of attack for the wing-body-tall combination without chord extensions
decreased rapidly at an angle of attack of about 8° at Mach numbers of
0.6 and 0.8, the veriation for the combination with chord extensions
had no inflection and 1ift was maintained up to angles of about 16°.

Drag.=- The minimum drag was increased slightly throughout the Mach
number range with the addition of chord extensions. At subsonic speeds,
the drag due to 1ift was reduced, and the maximum lift-drag ratios were,
in consequence, increased. The greatest increase in (L/D)max was
obtained-at M = 0.6, the improvement decreasing with Mach number. At
supersonic Mach numbers of 1.5 and greater, no improvement in drag due
to 1lift was realized through the addition of chord extensions. Maximum

SRR
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lift-drag ratios obtained in this Mach mumber range were, as a result,
decreased slightly.

Control. effectiveness.- The control effectlveness of the horizontal
tail was essentially unchanged by the addition of chord extensions. At
gubsonic speeds the effectiveness increased wilth increasing Mech nmumber.
A large decrease in effectiveness occurred as the Mach number weas
Increased from subsonic to supersonic speed. AL supersonic speeds the
effectiveness decreased with increasing Mach number.

Hinge moment.- Essentlally no changes in the hinge-moment
characteristics of the horizontal tail occcurred due to the sddition of
chord extensions. The variation of the hinge-moment coefficient with
angle of attack and with horizontal-tail deflection was such that the
control forces required to deflect the horizontal tail would be much
larger at supersonic speeds then at subsonic speeds.

Ames Aeronsutical Laboratory
Natlonal Advisory Committee for Aeronautlics
Moffett Field, Calif., Oct. 1k, 1953
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3.8 x 10® - Comtinued :
(c) Characteristics for wing-body-tail combination; &, = +2°

WING OF ASPECT RATIQ 3 AND AN ALL-MOVABLE HORIZONTAL TAIL

R

332 393933323 dddddzaass 12 3o At T
T ATGANRIL L meneR) | TN SNEROURY GHOREOEL
o mnanneen mmemen) T |96 O SOOCW wRAyORS
oM R BN & |o M MaEE CEOOOOOES
W MaEnNE RN £ |{99% §9aenaan amageane
- -l =
RN nmeng 5 [0 nva sy
R # ) = ¥ N R
= - - ..m - - -
(o]
ddgdadad 39359988 Fduug B o O
[oFP99000 dEmanme wERGy | 3 o THNMNREE RGRQRN 4ap
LR B A ) LR ] t ML AL
| o FoE5eecY negneese wheny 5 |4 AN aesnens ween
1595008 mONEEE 2 |4 RO 20993088 293
G PR Fa | 5 | TNAN one
RTINS PPRnm e o [fderened JITENE 39N
8 8 R H x| & 8 R
o - A m'w o -l -
33dd3d53dadad Jaduddannd T [e|gterttini adanaa e
8834959399848 43999448 T | §825488339948 4859088443
L o
Finad wmay o | TRAHNY antditean
DI ey | 1NN anees
o [ ] ° :
PNNGIENNE sty o | TO0RAARERNNG g3ebdnanee
JIMBI e | IR R
g g AE g

TABLE I.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPILOYING A TRIANGULAR

1k




15

NACA RM A53Jiha

5 % = -2°

3.8 x 10® - Continued
(e) Characteristics for wing-body-tail combination

WING OF ASPECT RATIQ 3 AND AN ALL-MOVABLE HORIZONTAI TFAIL;

R

TABLE I.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR
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(£) Characteristics for wing-body-tail combination; &, = -4°
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TABLE I.- AERODYNAMIC CHARACTERISTICS OF A MODEI EMPLOYING A TRIANGULAR
WING OF ASPECT RATIO 3 AND AN ALL-MOVABLE HORIZONTAL TAIL;
R=3.8 x 10® - Continued . :
(g) Characteristics for wing-body-tail combination; &, = -8°

.3 @ CL Cp Ca Cn 8 X « Cr Cp Cu Ch [ N a cr, Cn Cm O 3
0.60 ) -h.32 | 0.3¥8 | 0.087 | 0.07k | 0.008]-8.0 0.90 | kb0 [-0.hok | 0.0h67| 0.105 1.90| 6.2k | 0. 0.0473{-0.039| 0.00%|-8.0
-=.181 -.g22| .0228 | .0M]| .o02|-8.0 ~2.21 | -.293| 0068 .09T 8.32 .ﬁg LT26 --oz -.001(-8.0
=57 =127 263 | 086 -.003]-8.0 - | - Q186 | .086 m.ﬁ 01 (10k3] -.088| -.009]-8.0
Je | -.087| ki | oG] -.007]-8.0 J3 | -0t ] .26k .080 L. 87| 1290 -.103| -.015[-8.0
2.10 0% | .01k .gfg -.011(~-8.0 2.2 048 | 0188] .08
ko1 AT | okrs o -.023]-8.0 k. k] 0087 .czs 1.70] -kae | .ok .0868] .orr| .oW7|-T.9
6.4 Ew 0h09 | .oh2 | -.021|-8.0 6.8 | .30 .gﬁ 2.03] -1%8 .ugg O0P1-7.9
.B.56 ’g 0692 Okk [ -.10{-8.0 8. 8 . 037 =g | -0% 03| 02]-7.9
10.65 . J10RT | O3] -.008{-8.0 10.83 608 266 .0%1 491 -00T{ L02TL| .0R% ﬁ ~T.9
1e.80{ .66 | k2o | .0% ] -.008]{-8.0 242 | .0T3| 0196 .008 2.0
1886 | .Te2 333 0% | -.005|-8.0 1.30) &2k | -.3e9 [ .oksk| .10 k15| 7L .0283) -.a3f .009(-8.0
16,981 L8261 . 087 | -.003]-8.0 -2.05 -:gg 0283 .08 6.21 267 { .0k38| -.033( .ool]-8.0
8.0k { .882 | .2823 029 | ~.00Rf-8.0 - - Nl gﬂ 8.08 . ﬁg -.0% | -.003/-8.Q
0803 | -3 ok | .02 -.016|-8.0 ok | o8| a| e w2 | | Besl 033 e as
2.20 [ -GAL [ .o2k1 | .08%4 | -.a18{-8.0 hag | 3| ox7]-.000 - ’
-.Ea -.135 | 0168 | .076|( -.019]-8.0 6.27 r o | -.0%0 L, Leol-ha1| w232 f 0336 .08 .okkl-7.9
<43 | -.07L [ .00k5 | .OT2{ -.000]-8.0 G.ﬁ 479} 0810 -.069 2.0h{ -219 | .0223] .oML{ .03%|-T.9
2.3 -gg 40188 0fe | -.000{-8.0 10. Pk [ L1176 -.093 -hg | -0 ] 018 .oe8| .oa7(-T.9
k.38 . .0ehé o -.019{-8.0 M8 -005 | T 09 .cee[-8.0
s.%% m Ok -.0LT :g.o 1.5 [ <h.13 | -.286 | ohe| .097 2.10 0631 0196| .o06| .ouk|-8.0
8. - OTH [ --aipi-2.0 209 | ~a& e | 087 hae | asa| .27l -.ox| .003]-8.0
10.80 6 jgg «0% | -.a2ki-8.0 - -0m0 | . Oh3 6.18 | .23 | .ov8| -.006| - 0
12.89 | .66k 0% [ -.qo9|-8.0 ¥ | -2 | .oa75| .033 8.2% 36| .0603; -.0%2 | ~.000{-8.0
o2 . 210 | . -.003{-8.0 2.13 | .079| .0R0@ w.x| . .0853| -.098| -.019]-8.0
k27| 85| 032 -.00% n.g R JI5 | 07k - d
2. 2549 | 19| -.088| -.033|-8.2
(n) Characteristics for wing-body-tail combination; &, = -12°
] « Y op ta | & [ M a [ p [ n 5 x « oL Cp Ca | o
0.60 | 4. 31 }-0.348 |0.0k5% | 0.07T | 0.090{-20.0 0.50] 25| o 0.3 | 0.079 | 0.007| -12.0 1.70{ ~%.11 | -0.267 | 0.0hM8 | 0.096 [ 0.06] -11.9
€07 { -.22k | o099 | .078| ,c27|-1e.0 LB | .83 .01 :t Ol -12.0 <. 198 | .0e96 053 -11.9
-.E -.x 0236 LOTT -12.0 6.8 .Es 0BT . LOL% -12.0 =e | -.cBo| .0035 m -11.9
. - .21k | .o76| .02 |-12.0 8.76 ’g SO -12.0 Mg | -.0e7| .0x20| .0A3 -11.9
2.08 | .o | .ceod | .o7k| .;aT|-22.0 10.89 o o731 .ch3l-11.9 2.8 | 0% | .oew| .c27] 03-11.5
hos ( ako | 0077 | .071| .o11|-IR.0 k. BL Y .g& 006 [ .03 -11.9
6.50 | .o | .OMAD 070 | .007|-12.0 1.30] ~&.21k | -3 ] 0%k .133 11,9 6.23 . -.01% | .ar9f-12.0
.35 | .¥5 .a‘rog 075 | .00L|-12.0 <.0% [ -8 | .03 'gi -11.9 829 | . 0670 | -.033( .008(-12.0
10.68 | .%07 | .. 078 | -.002 [-12.0 =47 | <213 ] .0@8T 0% [ -11.9 10. k36| 09| -.053 |0 -12.0
1278 | 287 | 317 % -.00% (-18.6 . -.0kg | .0RG5 0| -11.9 12 Ja3 ] 3276 | -0 -ﬁz -12.0
188 | .67k | aBa7 ) . -.009 [-12.0 2. 056 ) 026l| .OMT | .oka|-11.9 13.80 | .%0] .1%9 | -.088 | - -12.0
k. A9 f .0381| J01T( .031]-XL.9
0.80§ -4.36 | .35 | .ob% OTh | O3 (-12.0 8. Eaa 0553 | -.011 | 008{-11.9 1.90] ~».10 | -.e27| .0m8| .0TT .gz -11.9|
<29 | -2 | o200 | .07k | .0@gl-12.0 8. 4o | oBe7 -og 28] -18.0 2.0k | -.136 | .0RTT ﬂr 0h3|-11.9|
=97 | ~.224 | .oeg9 073 .egl-12.0 10.46 .ﬁ 1180 -. -013]-12.0 --:g =066 | -oa3l 3| -cvol|-11.9
431 -.066] 0220 | .073] .ce7{-1.0 1. « 1% | -.0m2 | .020]-12.0 . -.':g 20! 09| 035]-11.9
2.1 .Q3 | .0a12 | .O70| .0@2|-12.0 2.0 0%k oRe ] 0R9]-11.9|
k33! T2 | .0%6 | .087] .a15|-12.0 1.50) k.32 | -.308 | .ohok] .116] .0%6{-1..9 13| % ﬁm 005 | .080)-12.0
6.5 ﬁ ofe [ .066| .ooTf-12.0 -2.0% | -293] 0333| o5k gg -11.9 €.ag gg % | -.000 | .c0f[-12.0
8.6T} . 0791 | .0T3| -o0R[-12.0 -8 | -.09T 0T | o -11.9 8.25 o 048 | -.006] .oat|-12.0
10.80 | %8 | .28 | .076 {-.002|-12.0 jg -.04 | .02 0% | obbla11.9 .31 319 0261 | -.0Ma | -.005(-12.0
2.9 .&8 | .1%4 | .o |-.008|-22.0 2 0% | 2R} .03 | .0k 9 1. 486 | 33 - -.013|-12.0
18| am] .0 009 | 03] -11.9 1k 531 ,ﬁ - -.081{-12.0
0.90 | =k.4o | -.385 | .okg8 | .088 ! .033|-11.9 625 | .e8k| . -6 | .021]-12.0 599 -.080 | -.006{-12.1.
2.20 | -232 | .06 080 f .033|-11.9 B'E M gz -.0h0 | .012{-12.0
"ﬁ -.12k | .oesk | .o77| .03 (|-11.9 1. e . -.06k | .006{-12.0
. -.063{ .om3 | .o7h} .029{-11.0 1257 | 597 | 1k20 | -.086 [0 -12.0
NACA
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TABLE I.- AFRODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR
WING OF ASPECT RATIO 3 AND AN ALL-MOVABLE HORIZONTAL TATL;
R=3.8 x 10%® - Continued
(1) Characteristics for wing-body-teil combination; &n = -16°

[ oL Cp Cn e L « Cr tp O | Sa 5 H e Cr, ] & | &
o -%. -0. 0.0kB1 | 0.068 | 0,032 | -16.0 § o0.50 | 2.20] -0.2: [ 0038 o.082 |0.098 | -16.0 } 1.%0] 10.hi]0.%73 [0.2067 |-0.0k1 | 0.018] -16.0
a.60 432 _332 omf .068] 0] -16.0 - TR grnr 037 | -16.0 12.58] 13| a3k | - .10 | -16.0
- 218 | o279 o8| 03] -16.0 - .08 ﬂ « 037 [ -16.0
3 | -.06% | c262| .067| .031]-16.0 2, o5 - 68| 06| -16.0 | 170 Ma0}-g85] oB6 | T .062]-15.9
0| .02% | @68} .08 -15.0 y35| 20T .?ﬂ‘og 061 | .039]-26.0 2.0 | - O30 | .093| 06 ]-1%9
k26| .1ka | oWm3} .or3]| 02| -0 6.9 3% K] ggz -16.0 -7 -ﬁ O3k | .01 | 05T | -13.9
6.0 265 | ome] orT| 009 -16.0 817 a9% | .0996] 028 . -16.0 M9 - L5 -043 -gz: =159
8. . o8| 08| .e1]-16.0 2.2 .00 | oM | . -15.9
| oce | .093| 016]-16.0 | 1.%0 | -3.09] -.307 .% Qe | .00 | 158 Jd35f .09t | .oak| 038 -15.9
.?;{ Jk8 [ 209 | .05} -26.0 2.03| -2¥] . 128 | O77{-12.8 6.23 00k .00 | 027 -13.9
1k o 1839 3 010 .0 -6} -a37| o¥| .07 | .or0|-15.9 a.{ . ook | -.015| ;8| -16.0
c AR 4 R et | 5| 23 % 333 e I - A B ]
T3 o -.003 | - o - o . - -16.
s % p ﬁﬁ 0% % 1&3 .| 283 | 1663 | -.069 [ -.003 | -16.0
0.80 | k. - o508 1 . 032 | -15.0 30| =93] .0612| 0131 .
4.5 -g 038 | .of3| -031f-16.0 a. o3| o8re]-.003| 031]-15.9 | 1.90] -b.og(-.2M6 | .ok18 .ga 073 | ~15.8
- -.u8 | 277 .ome| .08 -16.0 10, e a0 -.035 | @9 -135.9 .03 ',‘; 03N | . <043 | ~25.9
. - % | 0881 .03 -16.0 .91 1483 [ -0 | 023 - - @20 | o ga; -13.9
2.1 | . L0266 | .06k | .031(-15.0 8f-038| @16 | oW - -13.9
b33 | -a79 | .o38M | o6} 031 |-16.0 | 1.5 | Rl -.33F( 233 [ .08 ;-23.9 2,30 .00} 0283 | .038] .0MI|-13%9
6.5 1 .30 .m .gz a1 | -15.0 2031 - 209 § 082 ] -13.9 k18] J19( .03 0| o1 -15.9
A3k G . K <29 | -15.0 -NT] -.116 -0 -1%.9 6.20( .200 | .OH] .006 | .0a1)-16.0
108 | 1] .1201 :gg 026 | -16.0 R -0 | .0323| .08 -15.9 806 261 . -.010 [ .m3 ] -~15.0
woe | 62 | a60 %2 | -16.0 8. ug 'ﬁ o3| . -15.9 10.32 gﬂ L0881 | .02k [ .005]-16.0
15.03 | .700 | 2089 | .08 | .001{-26.0 hao3| .3l K 032 | .oh3 | -15.9 m.{r a7 | 167 | -.037 (-0 | -16.0
6.27 261} .om| .07 | .036|-135.9 . A3| s2f %09 | -.0% |-.010] -18.0
Q. a0 | -.385 | .o9m | 0] .09 |15 g8.3%| .370| .oT7h}-.018 { -026{-2%.9 16.% | %86 | .1895 | -.05% |-.016 | -15.0
(j) Cheracteristics for wing-body-tail comblnation; Bp = -20°
x < Cp Cp Cw | On]| ® X - Cr, On cal Op| B8 ¥| a Cp Cy On o | 8
0.60 { =%.30 {—0.332 | 0.03%1 | 0.072 | 0.032 | ~29.% 0.90 | =438 |-0.307 | 0.0529 0.08 [ -198 130 {102 | o.¥k9 | o.x10k |-0.019 |0.0k3 |-29.8
—2.16 | —.208 | o35k | 071 .030|-2F.9 2.5 | -235]| .0k °:§ LOkk | 29 8 12.%9 53 [ -k | . -39.8
| ol B3| ) o) | E| wm) e i | won| e | |0
o —. « X K K 09 | —a9r | o g% | . R
2,09 .02k | OIS ﬁ -19.9 236| o8| .o o3| .ok2|-19.8 —£.01 | =256 ..% 131 g?;; 2“13}'
k261 .3153] .0 066 | .0%|-19.9 o0 ] .0h6B| .066| .ok |[-19.8 -6 | =119 056 | .ot0| 9.7
6.5 | 276 058 { .032]-19.9 657 | - .O7Ilf .0f1| .039 |-19.8 A9 | —o70} .0358) .0B5 ﬁ -19.8
8.5% .igg .osg :m « —28.9 B.g - a0 58| oM |-39.8 .12 | .02 .gg 056 ~19.8
10871 - 035 | -19.9 10.| JAST| o101 L0D0 |-19.8 oo | 16| Ohk g 8.
12. . WJhgo | 108 -19.9 €28 | 22| 0569 .o} . -19.!
Ih, L3211 1907 | LLA6| .032( —19.9 1.3 | -e.0e| -5 .8& Ik | 096 [—19.7 8.3 § .35| o™ g;g .0ha | —35.8
16.95| 71| .23 a8 .ooh]-29.9 —ag | =359 .ohso| .126 .% -19.T 10, ig 2005 |~ o31|-15.8
1B.00| 6| 2659 6] m8|-29.9 | —oa| ohEr] Il T 12, - .% -.a3k | .0aL| 9.9
235 .006| .oh5T| .093| .08L|-19. e | B85 . —051 | .013 | -19.9
o8of k.3 —.362 3@ 0821 . -19.8 L5 .1k3} .0%aT| .02 ﬁ 15,
28| -.222 | <078 N 6.5 .o13| .06 .03% =19.8 1.90}| %08 | —265 [ 0607 | ..213 | .086 |-19.8
- -Jz3 | .0339 | o3 .03k]-19.8 a. 395 .g .009| %6 |-19.8 200 | —171] ows7| .00k | OTL|-19.8
X 'Zg?é 3 352 x| &) 25 S| ﬁ'j g - ‘070 |
B X K — B o B R -19.
Bl A9 &g 06% | 03| -29.8 221 { 013 —% .55 | 52 (-19.8
6.5 .219 06281 L0631 .03k [-19.8 1.50 | —2.09 [ —.281 'ﬁ 25 .08 (-29.T k.19 'ﬂ o2 | .o37 | .obo|-35.8
8.65 | k38| .oouk| .ora| .03 )-19.8 M6 | —13k| . 109 | o8 {-19.T 6e5 | . o3| .oa | .ax]-e.8
10.8 | 538 1985 ,g o3k { 19.8 ﬁ —0f1 | .0h18 m 07k {39. ear | 253l .0706| .co6 | .023|-19.9
9| 59 :‘E K 0% [ -19.8 2. 010 | JORiZ| o 067 gg_ 099 | =009 | .015 |-19.9
:Ia.g 05 .g 033 g.; :. = J27| 0S| L0533 g —_g.g 5 e L9127 | —-.022 —_gg
»17 E g 08 —29.8 8.9 g oS g 52 §~19.5 1691 | 565 | .19k -.&?a 0. =39.9
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(k) Characteristics for wing-body-tail combination; By = -24°

3.8 x 10 - Concluded

WING OF ASPECT RATIG 3 AND AN ALL-MOVABLE HQBIZONTAL TATIL

R

TABLE I.~ AFRODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR
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TABLE II.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPIOYING A TRTANGULAR

WING OF ASPECT RATIO 3 WITH LEADING~EDGE CHORD EXTENSIONS AND AN ALL-

MOVABLE HORIZONTAL TAIL

(a) Characteristics for wing-body combination with horizontsl teil

removed (vertical fins not removed)
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TABLE II.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR
WING OF ASPECT RATIC 3 WITH LEADING-EDGE CHORD EXTENSIONS AND AN ATI.-
MOVABLE HORIZONTAL TATL. ~ Continued

(b) Characteristics for wing-body-~teil combination; Bn = +4°
. ] oL Ca Cm. O L] ) < O Cp Ou Cu L] L. 3 oL oo Cm O ]
0.60 | =%.32 [-0.229 | c.0293 [-0.027 | 0.036 | k.0 0.90] 0.56 | c.05¢ |0.0239 ]-0.05% 0,000 | k.1 1.50 1.0e { ¢.08%| 0,087 |-0.0k3 {-0.0e3] 5.9
-2.16] —.091 g_‘az -032| .07 | Wo L0} 31 .03 | =057 | 009 | kO 2. OkT) 00| — ~.0%| 3.9
—1.06] —.019{ « -036) .67 | WO 085 | ~062| .018 | k0 A 28| o7 - 3.9
O] 0113 | —038] .18 | kO .39 -39 % -0orL} .016 | k.0 a1 383 ﬁ =110} —~.0h3| 3.
S50 000 ] .01l | —.0k2 g’q ::g g.;g 505 | . —a7k gg: :.g ;.as M6 —137 3.&
1.09§ . -0 K 87 | o .32 R JOR| =150 [
.17 :ﬁ —-Ohg| .8 | ka0 10,95 | 829 i% =11 .01t | ko = o 3
h31) 088 | 09| .015 | O L2416 | -296] .omef .ok | ~——| ko
[ 23 o3l —0B| .2 | ko 1.20-%.2h | — A3 | .03Th [ .02k [-.003 | k.0 .09 [ —090| .020r| .00E | ~.008| k.0
8.6 . 0881 | —.0%5| .007T | kO .13 | —.127 | .00q8 | —008 [~021 | k.0 . -7} 0080 | —013 | ~.012] k.0
10.77| 77| 3356 | —063| .003 [ MO -1.10 | — 18 | —oes |01k | 3.9 - -009| Q17T3| —016 | ~aak| k.0
g5 .gg 2909 | =070 | =001 | k.0 =56 | —00T | 018k | =033 3.9 . JONT g —0e9 | —019) 3.9
15.05) . a& - -0k | k.0 R D189 | ~——|-~0x | 3.9 Lee | .ot - —035 [ ~o0ai| 3.9
ﬂ.l} 3.081 | .92 - -008 | k.0 L2 | 12| .0000 | —O%8 [—0k | 1.9 2.06 [ 29| .oa1g| —oME | —025| 3.9
.19] 1,065 ] .3k | 059 | -.01% | X0 2.07 ..;?} £e48 | —o75 | ~029 | 3,9, a3kl o3k —o5p | -.033| 3.9
[T bh3f | —109 ;038 | 3.9 6.29 | 33| .omi| —ose -0k i_g
0.80 | %39 —ash | 0096 | ~.030| .022 | k.1 697 | 00| .08 | —ake |~.0hT | 3.5 8.26 .isa 078y | —.I1k | —0h9
.20} -.059 | @57 :ﬁ 023 | A1 T.33 SSTT | 0863 | -3 |~.0% | 3.8 10,32 T 3031 236 | —097 | 3.6
-1.08} —.020 ) .ar23 -3 |3 n.3 | 73] 3290 | ~.1M6 | ~.081] 3.8
—50| .013] .ouse | —.0ks k.1 1.30{~%.22 | —260 | .037h | .ceT|[~—003 | k.0
6| 09| 031 { ~osl| .02k | AL ~e.12 { —119 | 0238 | —.o0h |~.012 l;,.o 1.50-%1k | —a71: .0301| .07 | O k.0
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EMPTOYING A TRIANGULAR

-EDGE CHORD EXTENSIONS AND AN ALL~

TABLE IT.- AERODYNAMIC CHARACTERISTICS OF A MODEL
WING OF ASPECT RATIO 3 WITH LEADING
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(d) Characteristics for wing-body-tail combination; 8y
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(e) Characteristics for wing-body-tail combination; &y
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TABLE IT.- AERODYNAMIC CHARACTERISTICS OF A
WING OF ASPECT RATIO 3 WITH LEADING-FEDGE
MOVABLE HORIZONTAL TATL, - Continued
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MODET, FMPLOYING A TRTANGULAR
CHORD EXTENSIONS AND AN ALL-

(f) Characteristics for wing-body-tail combination; 8p = =-8°
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(h) Charscteristics for wing-body-tail combination; Sn = -16°
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WING OF ASPECT RATIO 3 WITH LEADING-EDGE CHCRD EXTENSIONS AND AN ALT-

MOVABLE HORIZONTAI TAIL - Continued
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TARLE II.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR

22



23

g -

NACA RM A53J1ka
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Figure 1.- Dimensional sketch of the model.
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Flgure 2.~ Three-quarter front view of wing-body-tall cambination with
leading-edge chord extensions.
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